Objective: Few longitudinal studies exist on childhood exposure to indoor and outdoor air pollution and respiratory illness in China. We studied associations between indoor and outdoor environment and prevalence, onset and remission of wheeze and rhinitis among children across China. Methods: Children (3-6 y) were recruited from randomized day care centres in six cities. The main data analysis was restricted to children not moving since birth (N = 17,679). Data on wheeze, rhinitis and the home environment were assessed by a parental questionnaire. Prevalence in the first two years of life (baseline) and the last year (follow-up) was used to calculate onset and remission. Outdoor PM 2.5 , PM 10 , and NO 2 at the day care centre were modelled from monitoring station data. Associations were calculated by multilevel logistic regression. Results: Prenatal NO 2 was associated with decreased remission of wheeze and increased prevalence and increased onset of rhinitis. Prenatal PM 2.5 was associated with increased prevalence of wheeze. Postnatal NO 2 and postnatal PM 10 were associated with increased prevalence and lower remission of wheeze and rhinitis. Mould, window pane condensation, renovation and cockroaches at home were associated with increased prevalence and increased onset of wheeze and rhinitis. Gas cooking was associated with increased onset of rhinitis. Children of mothers with industrial work had more wheeze. Conclusions: Outdoor PM 2.5 , PM 10 and NO 2 can increase childhood wheeze and rhinitis. Dampness and mould can increase onset and decrease remission. Crowdedness, cockroaches at home and emissions from new building materials and gas cooking can be risk factors for wheeze and rhinitis.
PM 2.5 and elemental carbon and the development of asthma (Gehring et al., 2015; Yang et al., 2016; Hsu et al., 2015; Clark et al., 2010) . Moreover, panel studies from China have demonstrated associations between outdoor PM 10 , PM 2.5 , NO 2 , SO 2 and elemental carbon and airway inflammation (Shi et al., 2016; Zhao et al., 2016; Lin et al., 2011) . However, we found no previous study on incidence and remission of asthma or rhinitis among pre-school children in relation to outdoor air pollution in China.
Longitudinal studies have demonstrated associations between indoor exposure at home and childhood asthma or wheeze, including environmental tobacco smoke (ETS) (Burke et al., 2012 , gas cooking (Lin et al., 2013) , indoor dampness and mould (Quansah et al., 2012) and indoor chemical exposure (Patelarou et al., 2015) . Chemical emissions from renovation have been suggested to be a risk factor for childhood allergic disease (Mendell, 2007) but few prospective studies exist on this topic.
The Chinese Children Health Home study (CCHH-study) is a large multi-centre study on environmental risk factors for respiratory health among pre-school children in China (Zhang et al., 2013) . The CCHHstudy is based on a parentally administered questionnaire with questions on the health of the child and the home environment. Data collection was performed in one wave (a cross-sectional questionnaire survey) but the questionnaire included questions covering different temporal aspects of environmental exposure and symptoms.
The main aim was to study associations between early life outdoor air pollution (PM 2.5 , PM 10 , and NO 2 ) and environmental factors the home environment and prevalence (in the first two years of life), onset and remission of wheeze and rhinitis within the CCHH-study. Investigated home environment factors included number of persons at home, environmental tobacco smoke (ETS), home renovation, type of cooking fuel, dampness and mould, presence of cockroaches, cleaning frequency and use of air conditioning units. In addition, we evaluated associations for two indicators of socioeconomic status (SES) of the family, namely size of the home and mother's occupation during pregnancy and two city level variables (outdoor temperature and GDP per capita).
Material and methods

Study population
The study population consisted of pre-school children recruited from randomly selected day care centres in six major cities in China (Urumqi, Taiyuan, Nanjing, Shanghai, Chongqing and Changsha). Urumqi and Taiyuan were defined as northern cities since they are located north of the Yangtze River and the others were defined as southern cities. A questionnaire was distributed to the parents or other guardians from December 2010 to January 2012 (in different heating seasons in different cities). All children in the randomly selected day care centres (N = 48,372) were invited to join the study and 38,475 participated (79.5% participation rate). This paper was restricted to children 3-6 years old with information on age and sex of the child. Most of the questionnaires (91.2%) were answered by the parents, the rest (8.8%) were mainly answered by grandparents. Initially, we excluded all children living in rural areas (N = 1307) since they had to commute to reach the day care centres which were in urban or suburban areas. In the main analysis, we restricted the analysis to children who had lived in the same home since birth to get a better assessment of exposure to indoor and outdoor air pollution. A total of 17,679 children were included in the main analysis, and 3723 (21%) were from northern China. Additional data analysis was made including all children (movers and non-movers) living in urban or suburban areas (N = 29,428).
Study design and dependent variables
The study is based on a cross-sectional data collection where onset and remission of wheeze and rhinitis symptoms were estimated retrospectively. One yes/no question asked if the child ever had wheeze in the first two years of life. Another yes/no question asked about wheeze in the last 12 months. A third yes/no question asked if the child had rhinitis symptoms when not having a cold in the first two years of life. A fourth yes/no question asked about rhinitis symptoms when not having a cold in the last 12 months. These questions were from the large international ISAAC study (The International Study of Asthma and Allergies in Childhood) (Asher et al., 2006) . The prevalence of wheeze and rhinitis in the first two years of life was defined as baseline prevalence. The prevalence of current wheeze and rhinitis (in the last 12 months) was defined as follow-up prevalence. Onset of wheeze was defined as not having wheeze at baseline (first 2 years of life) but having current wheeze (in the last 12 months) when the questionnaire was answered. Onset of rhinitis was defined in the same way as not having rhinitis at baseline but having current wheeze. Remission of wheeze was defined as having wheeze at baseline (first 2 years of life) but not having current wheeze (in the last 12 months) when the questionnaire was answered. Remission of rhinitis was defined in the same way as having rhinitis at baseline but not current rhinitis. A total of six dependent variables were analysed (baseline prevalence, onset and remission of wheeze and rhinitis).
Ethics
The study and the consent procedure were approved by the Medical Research Ethics Committee of School of Public Health, Fudan University, Shanghai. The participants and parents gave informed consent.
Assessment of demographic data and socioeconomic status (SES)
Data on gender, age, birth season, birth weight, breast feeding and parental asthma or rhinitis, were collected from the questionnaire. These six covariates were considered as potential confounders and were included all models. Moreover, two SES variables were included, size of the home (m 2 ) and mothers' occupation during pregnancy, number of persons living in the home, and life-time mean GDP per capita on city level. There was no question on father's occupation or family income. Size of the home has been demonstrated to be a good socioeconomic indicator related to family income in USA as well as in China (Juhn et al., 2011; Norbäck et al., 2018) . Moreover, we calculated lifetime GDP per capita on city level as an indicator of the economic development level of the city. Annual data on income per capita from 2005 to 2012 was obtained from China Statistical Yearbook for each city. Due to the rapid economic development in China, GDP per capita is increasing year by year. For each child, a life-time mean GDP/capita value was calculated based on average values of GDP per capita (city level data) from year of birth of the child until the year when the questionnaire was answered.
Assessment of data on the home environment
Data on the home environment was obtained from the parental questionnaire. There were three yes/no questions on renovation of the home environment (a) during pregnancy, (b) when the child was 0-1 year old and (c) after first year of life. Three other yes/no questions asked about buying new furniture to the home (a) during pregnancy, (b) when the child was 0-1 year old and (c) after first year of life. These six questions were combined to one variable called renovation (Yes if at least one answer was eyes, or else no). There were two questions asking about visible mould: (a) at birth and (b) after birth. Two other questions asked about damp stains (a) at birth and (b) after birth. These four questions were combined to one variable called visible mould/damp stains (Yes if at least one answer was eyes, or else no). Moreover, there were two questions asking about window pane condensation in winter: (a) at birth and (b) after birth. These two questions were combined to one variable called window pane condensation (Yes if at least one answer was yes, or else no). One question asked about type of cooking fuels in the current home and was classified as only electricity, gas cooking but not biomass and any type of biomass (wood or coal). Moreover, there were four other questions asking about the situation in the current home: Number of persons living in the current home, environmental tobacco smoke (yes/no), daily cleaning (yes/no), presence of cockroaches (yes/no) and use of air conditioning units (yes/no). All home environment variables were included in all models. One additional question asked if the child had had moved to another home since birth. This variable was used to select children who had lived in the same home since birth (in the main analysis). Another question asked if the current home was located in (a) an urban area, (b) a suburban area and (c) a rural area. In this article we restricted all statistical analysis to children living in urban or suburban areas to get a better assessment of the outdoor air pollution exposure.
Assessment of personal exposure to outdoor air pollution and temperature
We calculated personal exposure to outdoor air pollution and temperature for each child during different pre-natal and post-natal periods based on birth month and location of the day care centre. We knew the location of their day care centre but not the children's home address or postal code of the home address. Since children in China live relatively close to their day care center, the day care centre air pollution level could be a reasonable approximation of their outdoor exposure. We used an inverse distance weighted (IDW) method (Bell, 2006) to estimate the monthly mean concentrations of air pollutants (PM 2.5 , PM 10 , NO 2 , SO 2 ) at each day care centre by interpolation from modelled data for the closest four monitoring stations. The IDW approach to air pollution data modelling have been us by different research groups (Bell, 2006; Brauer et al., 2008; Marshall et al., 2008; Nishimura et al., 2013 , Deng et al., 2016a . In the present study, the concentration of air pollutant in different kindergarten was calculated by the following formula using quadratic function:
where, C k is the concentration of air pollutant (PM 10 /SO 2 /NO 2 ) in the kindergarten; C S1 to C S4 are the concentration of air pollutant in the first to the fourth nearest monitoring station of air pollution from the kindergarten; d1 to d4 are the distances from the kindergarten to the first to the fourth nearest monitoring station of air pollution. We retrospectively modelled air pollution and temperature for the study period (2003−2013) using available measured data from all monitoring stations for the period 2014-2016 as well as official annual mean (city level) air pollution data for all years (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . Measurements at the monitoring stations followed the standard methods set by the Environmental Protection Agency of China: PM 2.5 and PM 10 by a tapered element oscillating microbalance, and NO 2 by the chemiluminescent method. Modelled data on day care center level were calculated by regression equations based on annual mean city level air pollution data and daily mean air pollution data from 61 air pollution monitoring stations and 81 climate monitoring stations in the six cities. Each city had 7 to 17 air pollution monitoring stations and 8 to 33 climate monitoring stations (including temperature). The largest numbers of stations were for Shanghai and Chongqing, the largest cities. Data on SO 2 on day care center level were calculated but not used in this study due to strong correlation between PM 10 and SO 2 (r = 0.92) and between ambient temperature and SO 2 (r = −0.87), we did not include SO 2 in the hypothesis testing in this article.
The modelled data of air pollutants on day care center level were calculated as follows: First, we downloaded the annual concentrations PM 10 , SO 2 , and NO 2 during 2003-2013 and calculated their annual concentrations by daily data in 2015 among six cities. We then calculated the ratios of the annual mean concentrations of PM 10 , SO 2 , and NO 2 in each year during 2003-2013 to the annual averaged data in 2015 at all the monitoring stations (supplemental materials, Table S1 -a, Table S1 -b, and Table S1-c). Secondly, the daily concentrations of the two pollutants in 2015 were multiplied by the ratio at each station for each year during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] , and thus we obtained the modelled daily data of PM 10 , SO 2 , and NO 2 . This method ensured that the annual averaged values of modelled data were the same as the measured data. Thirdly, we calculated the ratio of daily concertation of each air pollutant at each monitoring station to the average daily concentration among all the monitoring stations in 2015 to obtain the concentration ratio of each station to the averaged value for all monitoring stations in the city. Fourthly, we multiplied the ratio for each station calculated Finally, individual exposure at the co-ordinates of the current day care centre was assessed based on the monthly mean values as follows:
(1) prenatal exposure during the full gestation length was calculated as the average of the monthly mean concentrations of the air pollutants and temperature during the full gestational months; and (2) postnatal exposure was calculated as the average of the monthly mean concentrations during the period from the first month of life until the past year.
Modelled data for air pollution and outdoor temperature were validated by comparing modelled data and real data (monthly mean values) for monitoring stations in one city (Changsha) where monitoring station data were available for the study period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . The Pearson correlation coefficient (r) between modelled and real data was 0.75 for PM 10 , 0.87 for SO 2 , and 0.84 for NO 2 and 0.995 for outdoor temperature. Data on PM 2.5 was not available in Changsha during the study period.
Statistical analysis
We had questions about symptoms in the first two years of life and current symptoms (in the past 12 months) when the questionnaire was answered. Since the prevalence of wheeze or rhinitis during the first two year of life was defined as the baseline data, follow up time was defined as age (when the questionnaire was answered) minus two years. Mean follow-up time and total follow up time (person years) were calculated for each city. Onset was calculated excluding those with wheeze or rhinitis at baseline. Onset per year was calculated by dividing number of onset cases with number of person years. Remission was calculated including only those with wheeze or rhinitis at baseline. Remission per year was calculated by dividing number of remission cases with number of person years.
Multilevel logistic regression was used to study associations between exposure and incidence and remission of wheeze and rhinitis (two different dependent variables). Two levels were used (city and child). We included six personal factors (sex, age, birth season, birth weight, breast feeding, parental asthma or rhinitis), four SES variables (mothers occupation during pregnancy, house size, number of persons in the home, city GDP per capita), and nine home environment variables (ETS, renovation, type of cooking, visible mould/damp stains, window pane condensation, water damage/leakage, cleaning frequency, presence of cockroaches, air conditioning). Ambient temperature for the same period as the modelled air pollution (prenatal or postnatal) was included in all models. First, we analysed associations for prenatal and postnatal air pollution (PM 2.5 , PM 10 , and NO 2 ). Then we analysed associations for covariates, SEI variables and indoor factors, adjusting for NO 2 and ambient temperature. Moreover, we performed sensitivity analysis stratifying for sex. Odd ratios (ORs) with 95% confidence interval (95% CI) were calculated. Associations for air pollutants were expressed per interquartile range (IQR). A two-tailed pvalue < 0.05 was considered as significant. All statistical analysis was performed by STATA11.0 (STATA Corp., Texas, and USA).
Results
There were no significant differences in the prevalence, onset or remission of wheeze or rhinitis symptoms when comparing answerers from parents with answers from other guardians (Table S2) . Descriptive data on personal factors, the home environment and indicators of socioeconomic status (SES) are given in Table 1 and data on outdoor air pollution is given in Table 2 . There were no co-linearity problems for the exposure variables included in the models (maximum r = 0.74). There was a significant association between the two SES variables (home size and mothers occupation during pregnancy (p < 0.001 by Chi 2 test) but the differences in prevalence were small when comparing mother living in smaller and larger homes (Table S3) . To increase the relevance of our assessment of home environment factors, our main data analysis was based on a restricted dataset of children living in the same home since birth. Thus, it is relevant to see to what extent the home environment and indicators of SES differed between children moving and not moving to another home since birth. Non-movers tended to have slightly more persons living in the home, slightly more ETS at home, less renovation of the home and slightly more use of biomass for cooking. Moreover, non-movers had slightly more water damage, slightly more cockroaches and slightly more use of air conditioning units. Besides the difference regarding home renovation (38.8% vs 54.6%), the differences in home environment factors were small. None of the SES indicators differed between movers and nonmovers (Table S4) . Baseline prevalence (0-2 y), onset and remission data of wheeze and rhinitis symptoms is given in Table 3 . The mean follow-up time was 2.38 years (range 2.06-2.67 years). For wheeze, there was totally 15.8% onset (6.5%/year) and 48.5% remission (20.2% per year). For rhinitis, there was totally 38.9% onset (15.7%/year) and 29.1% remission (12.7%/year). Onset as well as remission per year of wheeze was highest in the two northern cities Urumqi and Taiyuan. Onset per year of rhinitis was highest in Nanjing and remission per year was highest in Urumqi and Taiyuan (Table 3) .
Associations between outdoor air pollution and baseline prevalence, onset and remission of wheeze and rhinitis and are given in Table 4 .
Data on outdoor air pollution was calculated for the location of the current day care centre using the four closest air pollution monitoring stations by the IDW method. The mean distance from the day care centre to the closest monitoring station was 5.87 km and the mean distance to the 4th monitoring station (most far away) was 12.52 km. The overall mean distance to the monitoring stations was 9.38 km. The mean distance to the monitoring stations were longer in Shanghai as compared to the other cities (Table S5 ). PM 2.5 was associated with prevalence of rhinitis (OR 1.12 per IQR; 95% CI 1.03-1.22). Prenatal exposure to NO 2 was associated with prevalence (OR 1.21 per IQR; 95% CI 1.19-1.32) and increased onset of rhinitis (OR 1.18 per IQR; 95% CI 1.00-1.40) and lower remission of wheeze (OR = 0.63 per IQR; 95% CI Since the correlation between prenatal and post-natal NO 2 (on day care center level) was strong (r = 0.87) it was not possible to include prenatal and postnatal exposure in the same model. The accuracy of the pre-natal exposure assessment can be less if the mother moved to another area from pregnancy to the birth of the child. However, questionnaire data demonstrated that only 7% of the mothers had moved from pregnancy to birth. Health associations for personal factors, indoor factors, indicators of socioeconomic status (SES) and city level GDP per capita are given in Table 5 . Boys had higher prevalence of wheeze and rhinitis and higher incidence of rhinitis. Children with longer follow-up time (older children) had lower prevalence of wheeze, higher remission of wheeze and rhinitis and higher incidence of rhinitis. Children born in summer or autumn had higher incidence and lower remission of wheeze. Parental atopy was associated with higher prevalence and higher incidence and lower remission of wheeze and rhinitis.
Among the indoor environment factors, size of the family (> 4 persons in the home) was associated with higher incidence of wheeze. Recent renovation at home was associated with higher prevalence of wheeze and higher incidence of wheeze and rhinitis. Cooking with electricity only was associated with lower incidence of rhinitis, as compared to gas cooking (used as reference category). Visible indoor mould/damp stains in the child's bedroom was associated with higher prevalence and higher incidence of asthma and rhinitis and lower remission of wheeze. Window pane condensation in wintertime was associated with higher prevalence of wheeze and higher incidence and lower remission of wheeze and rhinitis. Presence of cockroaches was associated with higher prevalence and higher incidence of wheeze and rhinitis. Use of air conditioners were associated with higher prevalence and daily cleaning of the home was associated with lower prevalence of wheeze (Table 5) .
Among the two indicators of socioeconomic status (SES-variables), living in a large home (> 100 m 2 ) was associated with lower incidence of rhinitis. Children of mothers with an industrial work during pregnancy had higher prevalence of wheeze. Children of mothers who did not work during pregnancy (housewife or unemployed) had higher incidence of rhinitis. Among the two city level exposure variables, a higher ambient temperature was associated with lower remission of wheeze and higher prevalence, lower incidence and lower remission of rhinitis. A higher GDP per capita (on city level) was associated with lower prevalence of wheeze, lower incidence of wheeze and a lower remission of wheeze and rhinitis (Table 5) . A sensitivity analysis was performed to study gender interaction for associations between onset and remission of wheeze and rhinitis and outdoor air pollution. No statistically significant gender interaction was observed (all p-values for interaction > 0.1).
To improve the relevance of the exposure assessment, we restricted the statistical analysis to children living in the same home since birth. This restriction could have created a selection of children with different home environment or a different socioeconomic status (SES). However, we found no major difference in the prevalence of home environment factors (except for renovation), and no significant difference in indicators of SES, when comparing movers and non-movers. Moreover, when analysing associations between outdoor air pollution (Table S6) (Table S7) , including movers as well as nonmovers, similar associations were obtained as in the restricted analysis (Tables 4 and 5 ).
Discussion
To our knowledge, this is one of few studies examining the effects of early life exposure to home environment factors and outdoor air pollution in relation to onset and remission of childhood respiratory symptoms in China. We found that prenatal NO 2 was associated with lower remission of wheeze and increased onset of rhinitis. Postnatal NO 2 and postnatal PM 10 were associated with decrease remission of wheeze and rhinitis. Crowdedness, dampness or mould, window pane condensation in winter, renovation and cockroaches at home were associated with increased onset of wheeze and rhinitis. Gas cooking was associated with increased onset of rhinitis. A lower economic development level of the city, measured as GDP per capita, was associated with increased onset of wheeze. Moreover, children living in smaller homes (< 100 m 2 area) and children of mothers not being occupationally active during pregnancy had a higher onset of rhinitis. The study has some strengths. It is a large study including six cities in China with different climate and different development level. By calculating onset and remission during the pre-school period we could get a more valid estimation of health effects of the indoor and outdoor air pollution, as compared to analysing only the prevalence of wheeze and rhinitis. Another strength is that we adjust for many potential confounds in mutually adjusted models. To increase the precision of the exposure assessment, we restricted the main statistical analysis to children living in the same home since birth.
The study has a number of limitations. One limitation is that we assessed onset and remission of wheeze and rhinitis symptoms retrospectively. Another limitation is that we did not included clinical assessment or doctor diagnosis of asthma and rhinitis. Since we did not have access to the home address, outdoor air pollution was calculated by IDW models for the location of the day care centre. Since children in Chinese cities usually go to a day care centre near the home, and the mean distance from the day care centre to the air pollution monitoring stations used in the IDW models were about 10 km, this would not be a major limitation of the study.
Outdoor NO 2 is mainly an indicator of traffic-related air pollution (TRAP) and the mean personal outdoor exposure in our study was 50 μg/m 3 (prenatal exposure) and 48 μg/m 3 (postnatal exposure). This is well above the WHO limit value of 40 μg/m 3 for NO 2 (WHO, 2005) .
We found that pre-natal exposure to NO 2 was associated with onset of rhinitis. This agrees with a previous publication from Changsha, China (Deng et al., 2016a) . Moreover, NO 2 exposure was associated with lower remission of wheeze (pre-natal) and lower remission of rhinitis (prenatal and post-natal). A recent meta-analysis of 18 studies concluded that prenatal exposures to NO 2 can increase the risk of childhood wheeze (Hehua et al., 2017) . Another meta-analysis of 12 studies found that childhood exposure to NO 2 can increase the onset of wheeze and childhood asthma (Takenoue et al., 2012) . In our study, prenatal PM 2.5 was associated with higher prevalence of rhinitis and postnatal PM 2.5 was associated with higher prevalence of wheeze. Moreover, postnatal PM 10 was associated with lower remission of wheeze and rhinitis. One recent article from the CCHH study found associations between kindergarten-level PM 2.5 concentrations, obtained from satellite data, and rhinitis and doctor diagnosed asthma among pre-school children Chen et al., 2018) . Some previous studies exist from East Asia on associations between exposure to outdoor PM 10 and prevalence of wheeze (Gao et al., 2014) and rhinitis (Siwarom et al., 2017; Teng et al., 2017) .
Six indoor factors at home were associated with wheeze and rhinitis. Children in crowded homes, with > 4 persons, had a higher onset of wheeze. Renovation (including indoor painting or buying new furniture) was associated with prevalence and onset of wheeze and rhinitis. Our results agree with previous prevalence studies showing associations between renovation/new furniture and wheeze (Franck et al., 2014; Fan et al., 2017) and rhinitis (Deng et al., 2016a; Li et al., 2014) . However, we found no previous study on renovation and onset of childhood wheeze and rhinitis.
We found that children living in homes with gas cooking, as compared to homes using only electricity for cooking had a higher onset of rhinitis. This agrees with a previous prevalence study from China (Wong et al., 2004) .
Mould or damp stains in the bedroom of the child was associated with prevalence and onset of wheeze and rhinitis and lower remission of wheeze. This agrees with previous review articles concluding that dampness and indoor mould are risk factors for incidence of asthma symptom (Quansah et al., 2012) and prevalence of rhinitis (Jaakkola et al., 2013) .
Window pane condensation in winter was the most consistent indoor risk factor in our study, associated with prevalence of wheeze, onset of wheeze and rhinitis and lower remission of wheeze and rhinitis. To our knowledge, our study is the first to demonstrate associations between window pane condensation and onset or remission of wheeze and rhinitis. However, previous prevalence studies have found that window pane condensation at home in wintertime is a risk factor for wheeze (Deng et al., 2016a; Takaoka and Norbäck, 2011) and rhinitis (Deng et al., 2016a; Wang et al., 2014) . Window pane condensation in wintertime is an indicator of high air humidity, low ventilation flow and higher levels of house dust mite allergens in dust (Emenius Table 4 Odd ratio (95% CI) of baseline prevalence, onset and remission of wheeze and rhinitis symptoms in relation to pre-and post-natal exposure to air pollution (n = 17,679 et al., 2000) . Children in homes with cockroaches had higher prevalence and higher onset of wheeze and rhinitis. Cockroach allergy is common among allergy patients in China. A nationwide study on allergy clinic patients across China found that 22% of the children with asthma and rhinitis had cockroach allergy (Li et al., 2009 ) and presence of cockroaches at home has been associated with prevalence of wheeze (Salo et al., 2004) and rhinitis (Wang et al., 2014) in population studies in China.
We found that daily cleaning at home could reduce the prevalence of wheeze and that use of air conditioners was associated with a higher prevalence of wheeze. Frequent cleaning can reduce the exposure to allergens, microbial compounds from mould and bacteria and chemicals from settled dust. Air conditioners can contain microbial compounds from mould and bacteria that can contaminate indoor air (Hatayama et al., 2018) . Thus, frequent cleaning of indoor surfaces at home and regular cleaning of the air conditioning units is important.
In our study we included two indicators of the socio-economic status (SES) of the family. Size of the home has been demonstrated to be a good indicator of SES in USA (Juhn et al., 2011 ) and a good indicator of family income China (Norbäck et al., 2018) . We found that children of mothers with industrial work had a higher prevalence of wheeze a 2 y age, but found no association between size of the home and respiratory health. The association between wheeze in the offspring and maternal industrial work during pregnancy could be due to chemical exposure during pregnancy rather than a general effect of low SES.
We found less onset of rhinitis and less remission of wheeze and rhinitis in a warmer climate, in mutually adjusted models. China is a large country with different economic development level and different climate in different parts of the country. Our data suggests that the turnover of symptoms among pre-school children is higher in a cold climate (higher incidence and higher remission). Our result is partly in agreement with a previous study from China demonstrating a higher aggravation of allergic rhinitis in a cold climate (He et al., 2017) . However, our results do not agree with a global ecological analysis of data from the IAAC phase III study, suggesting an increased prevalence of intermittent rhinitis in warmer climate zones (Fuertes et al., 2014) .
Prevalence and onset of wheeze was inversely associated with GDP per capita (on city level) in mutually adjusted models. This indicates that there could be factors related to the economic development of the society that reduces the risk of wheeze among pre-school children. Further studies are needed to identify these beneficial factors, but one explanation could be better access to health care and medicine or a better diet.
Our study is an epidemiological questionnaire study which limits the possibility to draw conclusions on biological mechanisms behind observed statistical associations. However, it is well know that there are critical time windows before birth and after birth that can influence the programming of the immune system (Hehua et al., 2017; van der Velden et al., 2001) . Our study supports the view of an early life programming of the immune system. Details on the biological mechanisms behind these effects need to be clarified in more detailed studies measuring biomarkers and genetic information. Other studies have demonstrated the significance of inflammation as a biological mechanism behind respiratory effects of outdoor and indoor air pollution. In some cases, e.g. for respiratory symptoms in relation to presence of cockroaches at home, allergic sensitisation could be another biological mechanism.
In conclusion, prevalence, onset and remission of wheeze and rhinitis among pre-school children across China can be influenced by the outdoor and the indoor environment. The most consistent results for outdoor air pollution was observed for NO 2 , an indicator of traffic related air pollution (TRAP) but we also found health associations for PM 10 and PM 2.5 . The respiratory effects could be linked to increased prevalence, increased onset as well as decreased remission. Risk factors in the indoor environment can include emission of chemicals from new materials, emissions from gas cooking, dampness (visible mould and window condensation), cockroaches and use of air conditioning. Daily cleaning of the home and regular cleaning of the air conditioning units could be beneficial for respiratory health. There is a clear need for more prospective studies on risk factors for childhood asthma and rhinitis in China. Future work is needed to reduce the outdoor air pollution in China, especially TRAP. Moreover, there is a need to improve the home environment, by increasing the ventilation, avoiding dampness and indoor mould growth, reducing chemical emissions from renovation materials and new furniture, eradicating cockroaches, encouraging use of electricity for cooking and by improving the cleaning frequency.
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